Sources of Self-Efficacy in Undergraduate Engineering
Researchers have shown that self-efficacy, the beliefs students hold about their capabilities to perform given tasks, can influence students' effort, achievement, and successful matriculation in school. Efforts have been made in the engineering community to examine self-efficacy in relationship to undergraduate engineering and persistence. Fewer efforts have focused on the types of past experiences that may have raised or lowered engineering undergraduates' efficacy beliefs in engineering. The purpose of this study is to examine the experiences that engineering undergraduate students report to have influenced their efficacy beliefs in engineering. We investigate engineering students' efficacy-relevant experiences to better understand the ways in which self-efficacy develops and the factors that students consider to be most influential to their self-efficacy. We also examine whether men and women report similar sources of self-efficacy, as has been found in related work.
Background and Theoretical Framework
In his social cognitive theory, psychologist Albert Bandura put forth a framework of human functioning that accorded a central role to individuals as determinants of the course of their own lives. This perspective countered dominant behavioristic theories, which viewed human behavior as the product of external stimuli and reinforcements. According to Bandura, the capacity to plan ahead, to reflect, and to self-regulate enables humans to exercise a large degree of control over their environments and behavior. People originate thoughts, ideas, and actions, all of which make them agents in their own lives. Central to human agency is a belief that one can bring about the outcomes one is seeking. Beliefs in one's own efficacy, therefore, act as a key determinant of motivation and action. As Bandura 1 contended, "unless people believe they can produce desired effects by their actions, they have little incentive to act" (p. 2).
Numerous research efforts have shown the power of self-efficacy to predict human behavior in a variety of domains. Throughout the academic realm, self-efficacy has been shown to influence students' achievement and their motivation to learn 2 . In the domain of engineering, self-efficacy has been shown to predict engineering students' grades 3, 4 . For example, Jones et al. 5 found that self-efficacy accounted for 35 percent of the variance in engineering students' first year GPA. Similarly, Lent et al. 6, 7 reported that students in scientific and technical programs who had high self-efficacy generally achieved higher grades than those students with low self-efficacy. Vogt et al. 8 and Vogt 9 showed that self-efficacy was more strongly related to GPA than were numerous other variables, such as academic integration, help-seeking, effort, and critical thinking.
The studies presented above describe the positive relationship between self-efficacy and academic achievement. Students with high self-efficacy tend to perform better academically than students with low self-efficacy. Researchers have also reported that mathematics and science self-efficacy are significantly related to students' persistence in engineering 10, 11 . Moreover, numerous studies have suggested that individuals' self-efficacy is related to their career-related and academic choices 12, 13 . The power of students' personal efficacy beliefs to influence students' achievement and persistence in engineering programs has now been clearly documented. However, considerably less research has focused on investigating the development of personal efficacy beliefs in the domain of engineering. If self-efficacy is directly related to the Page 26.1386.2 choice learners make to focus their post-secondary studies on engineering, what sorts of experiences build this sense of efficacy?
Sources of Self-Efficacy Bandura 1 hypothesized that individuals form their self-efficacy by interpreting information from four primary sources. The first and theoretically most potent, enactive experience, refers to a person's direct experience of mastery or failure. Having successfully performed a similar task previously can boost a person's confidence in mastering similar tasks, whereas having a history of failures undermines it. A second source of efficacy information comes from seeing others' successful performances. The vicarious experience of observing an engineer might convince a student that she too has what it takes to become an engineer. Social models, particularly those perceived as similar to the observer, can alter a person's self-beliefs.
The third source of efficacy information comes from the evaluative appraisals of others. Social persuasions in the form of compliments or criticisms can raise or lower self-efficacy. For example, being told that one is "just not a math person" might shake the efficacy beliefs of a listener, leading her to forgo further math coursework and from anything that might be perceived to require math. The fourth key source of efficacy information comes from one's physiological or affective arousal when engaged in or contemplating an activity. Extreme stress or agitation might be perceived as an indication that one does not have what it takes to succeed. Satisfaction and excitement when engaged with engineering-related problems might alternatively be interpreted as signs of one's capabilities.
These four sources of self-efficacy are commonly interrelated. A masterful experience is usually accompanied by the praise of others and positive emotions. Individuals may give more weight to relevant information from one source of self-efficacy, or they may consider the interrelatedness of information from multiple sources when judging what they can do 1 .
Researchers have begun to examine in greater depth the manner in which people process information from the sources of self-efficacy, primarily in the domains of mathematics, science, and writing 14 . Relatively less research has investigated the sources of self-efficacy reported by undergraduate engineering students. Below we briefly summarize these empirical findings as they relate to each of the four sources in the area of engineering. We also mention gender differences that have been reported in the literature.
Many investigations have shown that mastery experience is the most influential source of selfefficacy 14, 15, 16 . This is consistent with Bandura's 1, 17 contention that mastery experience is the most influential source of self-efficacy. Mastery experiences are particularly powerful because they provide direct evidence of one's abilities. For example, Zeldin et al. 18 found that ongoing achievements and successes enhanced men's self-efficacy in mathematics, science, and technology.
Vicarious experience has also been found to undergird undergraduate students' engineering selfefficacy. Interviews with second-year university students revealed that watching others of similar ability succeed at engineering-related tasks was a boon to students' own engineering selfPage 26.1386.3 efficacy 15 . Nauta, Epperson, and Kahn 19 found that exposure to positive role models was a significant factor related to the self-efficacy of undergraduate women in mathematics, science, and engineering. Women who had been influenced positively by role models were also more likely to believe that mathematics, science, and engineering careers are compatible with familial responsibilities. Women have reported being more frequently influenced by vicarious experiences than have men 20, 21 .
Some research has examined the effects of verbal persuasion on the self-efficacy of engineering students. Some evidence suggests that social messages affect women more than men. Women who pursued careers in mathematics, sciences, and technology consistently reported that the messages sent to them about capabilities in these male-dominated fields served as crucial sources of their self-efficacy 21 , a finding echoed in interviews conducted by Hutchison et al. 15 with second-year engineering students. Other researchers have shown more generally that being encouraged by peers and faculty makes students more likely to put forth effort and persevere in their majors 4, 11, 15 .
Fewer studies have focused on examining the influential role of emotional and physiological states on the students' sense of efficacy in engineering. Hutchison et al. 20 found that students who begin to worry at the start of problem solving tasks began to think they could not complete the task. Anxiety, stress, arousal, and mood states serve as cues for imminent failure or success 1 .
Although the sources of self-efficacy have been included in some studies of engineering selfefficacy, a number of limitations in this line of research should be noted. First, researchers have explored the sources of self-efficacy in a specific engineering course through semi-structured interviews. The interview process is directed by the interviewer, and the interviewee awaits the questions to be asked. The quality of responses relies on how the researcher conducts the interview. Students may not share much of their experiences if they are not at ease with the
interviewer. An open-ended, structured response approach in a survey format may allow participants to have a greater sense of control of what they share and enable them to answer the questions at their own pace and in private. This format is also a more convenient way to collect qualitative data from a large sample. Second, not all four sources of self-efficacy have always been simultaneously examined. Moreover, current studies have not accurately described the specific experiences that lead to the formation of self-efficacy, particularly in the field of engineering. According to Bandura 1 , people have to weigh and integrate efficacy information from the four sources. Inviting respondents to recall sources of self-efficacy freely and then probing them to recall sources particular to each hypothesized source might render a fuller picture of the factors related to self-efficacy simultaneously.
Purpose of the Study
The objective of this research was to investigate how students describe and recall experiences related to their engineering self-efficacy. Although our hypothesis was that these experiences could generally be classified according to the four sources of self-efficacy theorized by Bandura 1 , we held no expectation for which specific types of experiences within each category would emerge. We also invited students to describe sources of self-efficacy that may not have mapped onto these four sources. A qualitative analytic approach was used to examine students' Page 26.1386. 4 responses to open-ended questions about their efficacy-relevant experiences. This approach enabled us to ascertain whether students in engineering rely more on certain types of experiences than others when forming their sense of efficacy. We also sought to examine whether the efficacy-relevant experiences described by men and women differed in frequency or content.
Method

Participants
Participants in the study were undergraduate engineering students (N = 365) from two researchintensive universities in the southeastern United States. Students completed an online survey designed to assess their beliefs about and experiences related to engineering during the fall 2012 (nUniversity 1 = 81, nUniversity 2 = 64) and spring 2013 (nUniversity 1 = 186, nUniversity 2 = 34). Informed consent procedures were followed according to guidelines by each university's institutional review board. Table 1 shows the gender and academic level distributions for students who participated in the study. Participants completed a computerized survey about their motivation and beliefs about engineering. The survey included five open-ended questions and one open-selection question across three screens (i.e., survey pages) aimed at identifying events that affected students' engineering self-efficacy. The more familiar term "confidence" was used on the survey in lieu of the more technical term "self-efficacy" in keeping with the recommendations of researchers who have studied self-efficacy with adolescents 22 . Questions were phrased in broad language to encourage students to describe any event that might have altered their self-efficacy. No limit was imposed on students' responses to any of the open-ended questions.
The most general questions about students' efficacy-relevant experience appeared on the first screen. Question 1 invited students to describe any experiences that may have raised or lowered their self-efficacy: "What events have affected your confidence in your engineering skills? How did the event(s) affect your confidence?" Question 2 targeted a specific efficacy-boosting event:
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"Can you think of a specific event that made you feel more confident in your engineering capabilities? Please describe." The aim of this question was to assess a particularly salient event that raised the respondent's self-efficacy.
On the next screen, students were presented with two related questions (Questions 3 & 4) focused on their exposure to social models and/or experiences specific to engineering. Students were asked to indicate (i.e., "check all that apply") the ways by which they had been exposed to engineers in their life. Options included having a parent, relative, and/or friend who is an engineer; participating in a cooperative education program (co-op); working in an engineering facility; shadowing an engineer; reading an article about an engineer; and watching an engineer on television. An "other" category was available with a write-in response option. Students were then asked the open-ended question: "Of the ways you have been exposed to engineers in your life, which one has been most influential to you?"
On the final page, students were asked Question 5: "Has anyone encouraged or inspired you to be an engineer? If so, who? How did they encourage or inspire you?" This question targeted both vicarious experience and social persuasions. Question 6 was crafted to assess students' physiological and affective state while engaged in engineering activities: "Please describe how you typically feel when doing engineering work."
Analyses
Participants' responses to all questions were imported into Microsoft Excel. A team of three researchers coded responses to all the questions using a start list of four codes corresponding to the four theorized sources of self-efficacy-mastery experience, vicarious experience, social persuasion, and physiological states. Complex responses that reflected more than one source of self-efficacy received more than one code. A code of Other was used to classify responses that did not correspond to one of these four categories. Data were then cross-checked by two researchers to ensure inter-rater reliability above .90, as recommended by Miles and Huberman 23 .
The researchers generated a list of 20 second-level codes to classify diverse experiences students described related to each major source of self-efficacy (see Table 2 for a final list of codes). For example, second-level codes helped refine responses with the first-level code social persuasions by reflecting the different people from whom students received persuasive messages (e.g., family, teachers, peers, employers). Responses too general to receive a second-level classification retained their initial first-level code. This coding scheme was similar to that used by Usher 24 and was adapted for the context of engineering.
To check for coding consistency among raters, a random selection of 100 participants' responses to all open-ended questions was chosen. The codes assigned by each researcher to the selected data were cross-checked by the researchers to determine the level of inter-coder agreement. Four of the selected participants provided no response to any of the open-ended questions, leaving the final number of respondents compared as 96. Inter-coder reliability was calculated by obtaining the ratio of the number of coding agreements to the total number of agreements plus disagreements. This permitted the research team to present, "an equivocal, common vision of Page 26.1386.6 
ME
Reference made to mastery experiences ME-C Mastery experience from participation in co-op ME-I Mastery experience from internship ME-R Mastery experience from research experience ME-G (+/-) 23 . Coding definitions and discordant codes were discussed among the researchers to achieve a minimum inter-rater reliability of .90. Any disagreements were settled by discussion and referring to Bandura's 1 theoretical description of self-efficacy and its sources. First-and second-level coding was used to summarize the data gathered from each of the five open-ended survey questions. Frequencies were calculated for students' responses to Question 3 (prior exposure to engineering). Response patterns were compared in terms of content and coding frequency. Data were then sorted by gender, and response patterns for men and women were re-examined. Page 26.1386.7
Results and Discussion
Results from the six questions designed to investigate the sources of self-efficacy reported by undergraduate engineering students revealed rich experiences in each of the four categories proposed by Bandura 1 . We report results according to these four categories and highlight the diversity among students' self-reported efficacy-building experiences. Patterns in responses by men and women are then compared. Sample responses are provided in the Appendix.
Mastery Experience
The first and second open-ended questions invited participants to recall events that have affected their confidence in their engineering skills. Results from analyses of responses to these questions emphasize the salience and importance of enactive experiences in building a sense of one's capabilities (see Table 3 ). We found that, similar to previous research, most responses to eventrelated questions referred to specific direct experiences in engineering. For most students, mastery experiences were described in terms of specific performance attainments, such as earning relatively high marks on a test or an "A" in difficult classes. Students' achievements, such as obtaining "good" grades and passing engineering-related courses, boosted their beliefs in their abilities to pursue their engineering degrees.
On the other hand, perceived failures undermined a sense of efficacy. One student's comment illustrates the power of experience to lower one's self-efficacy and, consequently, one's career aspirations:
The past three semesters, I have done poorly in my core Engineering classes. This makes me wonder if I am even cut out for this major, because it always seems like I'm struggling while my classmates are doing well or at least getting better grades than I am. This woman's comparison of her performance relative to her peers' (a vicarious experience) further lowered her sense of efficacy. Other students attributed their sense of inefficacy to their performance failures resulting from what they perceived as unfair assessment practices (e.g., curving) or overly demanding instructors.
Aside from class-based performance, many students noted that co-operative experiences and internships raised their self-efficacy by building or reinforcing their engineering skills. One student remarked that having three internships gave him many skills that carried over to his coursework. Another student's response illustrates how overcoming a great challenge served as a powerful mastery experience:
I was doing a Circuits assignment the other day over a concept I had been struggling with. Something in my brain finally clicked and I could do all of the problems with ease. I've had several events like these in classes which builds my confidence. The open-ended nature of the survey question design allowed students to describe other keystone events, such as having the opportunity to teach a difficult engineering concept to younger students, engaging in research as undergraduates, or the trial and error of designing a working product. Page 26.1386.9
Vicarious Experience
Recall that Question 3 directly sought information about students' exposure to engineers throughout their lives. As Table 4 shows, over half of the engineering students in our sample had been broadly exposed to engineers through print and televised media outlets. Moreover, we were surprised to find that nearly half of these students have a family member who is an engineer (a quarter of students reported that one of their parents is an engineer). Men were more likely than women to report exposure to engineers in the television media, whereas women were more likely to have a parent who is an engineer (35% of women compared to 23% of men reported that their parent is an engineer). Although these data do not directly point to the influence of these sources on students' self-efficacy, it is likely that being exposed to engineers in one's environment has an influence on one's beliefs. Further research should investigate the types of exposure that are most influential. To further examine this possibility, we asked students to tell us which type of prior exposure to engineers has been most influential to them. Their responses to this question are displayed in Table 5 . Two thirds of respondents reported that the vicarious influence of social others (parents, peers, media, mentors) in their lives were most influential. Forty-four percent of women and 35% of men reported that parents or other close family members were most influential sources of exposure to engineering. These findings are similar to those reported by Zeldin and her colleagues 18, 21 who reported that vicarious experience was an influential source of self-efficacy for both women and men in science, technology, and mathematics careers. They suggested that the influence of family members was perhaps greater for women. This is consistent with other findings, which show that exposure to positive role models significantly predict the efficacy beliefs of undergraduate women in mathematics, science, and engineering 19 . Although experiences that led to mastery were also cited as influential, our findings unequivocally point Page 26.1386.10 to the positive effects of being exposed to positive role models on one's career path as an engineer.
People must often appraise their capabilities in relation to the accomplishment of others, and when they see others like them achieve in engineering, particularly family members, they can become convinced that they too have what it takes to succeed 1 . A number of responses to our open-ended questions illustrate the influence of modeling on one's self-efficacy. One student wrote that "My brother [who] is 14 years older than me became an engineer and would always show me all the fun aspects of physics and engineering." Another described the influence of the opportunity she had to shadow several engineers in their day-to-day careers: "You learn so much by watching them and getting a feel for their past experiences."
Social Persuasion
Direct messages received from others were also a salient source of self-efficacy for the engineering undergraduates we sampled. In fact, after mastery experience, more codes were assigned to events in which social messages were conveyed than other types of events. Receiving accolades from superiors can reinforce a sense of confidence in one's capabilities, as was the case for this student:
I was asked to come up with a method of choosing the best spray-on bedliner for our company based on multiple aspects, the two most important of which were price and Page 26.1386.11 durability. Once I had finished and given my written and spoken conclusion to multiple engineers on separate occasions, I received positive feedback and praise from all my superiors on a job well done. When a masterful experience is followed by reinforcing praise, the psychological result can be a resilient sense of efficacy and motivation.
We asked students to recount whether someone had encouraged or inspired them to become an engineer. The frequency of codes assigned to their responses is listed in Table 6 . The encouragement and inspiration to become an engineer most often came from significant people in students' lives. Many students expressed how parents and family members have been supportive of their choice to be an engineer. As noted above, knowing an engineer may provide particular inspiration. Students who are praised by engineers likely receive a special boost to their self-evaluations due to the high prestige and similarity of the social messenger 1 . One student seemed to heed the messages from such a highly credible source: "A friend that is an engineer has supported me and encouraged me to study engineering by reminding me that I can do the work." Messages from such individuals may have a lasting effect. Students also mentioned receiving positive messages from professionals, such as professors, supervisors, and mentors. Even the simple gesture of having friends ask for their help on engineering assignments boosted students' confidence in their engineering abilities. Page 26.1386.12
Physiological and Affective States
When asked specifically about their feelings when doing engineering work, nearly half of the undergraduate students in our sample reported positive affect, such as feeling satisfied, relaxed, and comfortable (see Table 7 ). A second large proportion of responses expressed pressure, fear, and anxiety regarding engineering. Generally speaking, this finding suggests that although students may find engineering challenging, their perceived efficacy might benefit from the positive emotions they feel when engaged in their work. Gender seems to play a role in the level of emotional and physiological arousal engineering students experience. One third of the women in the sample reported stressful feelings, whereas only 23% of men's responses referred to stressors. One woman's response aptly demonstrates the link between physiological and emotional arousal and self-efficacy: Depending on the difficulty of the assignment and the amount of other assignments I have, I can sometimes get stressed out. But most of the time I feel fairly confident that I will be able to complete the engineering work successfully. Remaining responses expressed-in roughly equal proportion, apathy or boredom, uncertainty or confusion, excitement, and challenge. One of the shortcomings of quantitative research on the sources of self-efficacy has been that measures targeting physiological arousal are negatively worded and reflect adverse physiological or emotional states either primarily or exclusively 14 .
Results from the open-ended questionnaire used in this study demonstrate the complexity of efficacy-relevant physiological states and Page 26.1386.13
feelings associated with engineering work. This might have been difficult to capture quantitatively.
What are the "optimal" feelings to have for increasing one's self-efficacy? Pajares 16 argued that work that builds students' self-efficacy should be "hard enough that it energizes, not so hard that it paralyzes" (p. 344). Participants' responses seemed consonant with this observation. As one respondent wrote, "Doing engineering is similar to lifting weights at a gym. You push yourself so hard and while you are doing it you can't believe that you are lifting as much as you are. Then when you are done, you feel accomplished and rewarded." Many students' responses seemed to agree that some degree of challenge and frustration is helpful. On the other hand, one student described the paralysis felt when engineering work is not properly scaffolded:
[I feel] terrible, demoralized, and incredibly anxious. A homework set rarely seems to establish the basics before delving into more complicated procedures. Sometimes, I understand a problem perfectly on a conceptual level, but there is so much monotonous number crunching that it still feels like a hopeless nightmare. Clearly, instructors should carefully consider how the work they assign might be perceived by their students. Checking in with students about their stress level might be one useful tool to help professors tailor instruction in a way that is efficacy-building.
Findings from this study complement previous research on the sources of engineering selfefficacy by expounding on diverse efficacy-relevant experiences. Students' rich descriptions of their experiences provide insight into their cognitive processing leading to the formation of their efficacy beliefs. Responses revealed that students reflect on their experiences and how these experiences influence their confidence in their engineering capabilities. Social experiences are particularly powerful. Men and women in this study generally reported similar sources of their self-efficacy despite having been exposed to engineers in different ways. The similar trends in the frequencies of responses provide some evidence that men and women similarly rely on one or more types of experiences than others when forming their sense of efficacy. These trends notwithstanding, using a statistical means of examining whether the frequency of efficacyrelevant experiences (or perceived experiences) differ for men and women would be an appropriate next step.
Results of this qualitative study on the sources of self-efficacy could help educators understand how engineering students perceive their experiences both before and during their undergraduate engineering program. These results provide further evidence that mastery experience is the most influential source of students' self-efficacy. In particular, performance attainments help boost students' confidence in their engineering capabilities. Instructors should continue to include in their courses opportunities for students to master content and develop their skills. They should also encourage students to participate in co-ops, internships, and research opportunities that provide both mastery and vicarious experiences. Exposure to engineers and what engineers do helps students to envision and realize their capabilities as future engineers. Recognizing the influence of social messages, instructors could be more mindful in providing feedback and/or comments regarding students' work and abilities. Further examination of the sources of engineering self-efficacy is recommended to understand how students' perceptions of their experiences relate to their achievement and retention in engineering programs.
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